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^ ■ Abstract 

Q , Motivated by the disagreement between the experimental data and lattice calculations on the de- 
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cay constant of the Dg meson, we investigate leptoquark (LQ) contributions to the purely leptonic 
decays of a pseudoscalar (P). We concentrate on the LQs which only couple to the second-generation 



,J^ ■ quarks before the electroweak symmetry breaking and we discuss in detail how flavor symmetry 

^\ 

JL , breaking effects are brought into the extension of the standard model after the spontaneous sym- 

(— I ' metry breaking. We show that the assumption of the hermiticity for the fermion mass matrices 



can not only reproduce the correct Cabibbo-Kobayashi-Maskawa and Maki-Nakagawa-Sakata ma- 



J^ . trices, but also reduce the number of independent flavor mixing matrices and lead to V? = VP 
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j^ ■ are below and close to the current experimental upper bounds, respectively. 



with L{R) denoting the chirality of the f-type fermion. Accordingly, it is found that the decays 
Ds,d ~^ d-'^v., B'^ — > T'^u and Be — > ^'^v have a strong correlation in parameters. We predict that 
the decay constant of the B^ meson calculated by the lattice could be less than the experimental 
data by 23%. Intriguingly, the resultant upper limits of branching ratios for D -^ /^^A*" and 
T -^ fJ'i'J^'^, rj, rj', p, oj) are found to be around 5.1 x 10"'^ and (2.6, 1.5, 0.6, 7.4, 4.8) x 10~^, which 
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As many puzzles such as matter-antimatter asymmetry, neutrino oscillations and dark 
matter etc are unsolved, it is clear that the standard model (SM) only describes parts of 
the universe and should be regarded as an effective theory at the electroweak scale. To 
explore the unknown parts, searching for new physics effects that do not belong to the SM 
becomes very important. However, since most measurements are eventually resulting from 
the SM, by naive speculation, the new effects should be small and difficult to be found out. 
Therefore, where we can uncover the new physics should be addressed in the first stage to 
look for new physics. Usually, the rare decays with the suppressed SM contributions are 
considered to be the good candidates. In addition, through precision measurements, finding 
a sizable deviation from the theoretical expectation provides another direction to search for 
the new effects. 

Recently, via the observations of Ds ^> i'^v decays, CLEO [l|, y] and BELLE 3|] collabo- 
rations have measured the decay constant of Dg to be 

fos = 274 ± 10 ± 5 MeV (CLEO) , 

fos = 275 ± 16 ± 12 MeV (BELLE) , (1) 

where the result by CLEO is the average of fi'^u and t'^u modes, while the BELLE's one is 
only from fi~^u. By combining the radiative corrections from Dg -^ l^i^-, the average of the 
two data in Eq. ([1]) is [^ 

JD, = 273 ± 10 MeV . (2) 
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More information on the measurement from other experiments can be found in Ref. |4|. 

n 

Furthermore, if we compare the measured value with the recent lattice calculation [5|, given 

by 

fo, = 241 ± 3 MeV (HPQCD+UKQCD) , (3) 

we see clearly that 3.2 standard deviations from data have been revealed in the purely 
leptonic Dg decays [4,l6|]. That is, a correction of 10% to fo^ is needed. Does the discrepancy 
indicate new physics or the defeat of the theory? Although the answer to the question is 
not conclusive yet, by following the new CLEO's result on the decay constant of D^ 0]: 

fo = 205.8 ± 8.5 ± 2.5MeV (CLEO) , (4) 



which is in a good agreement with the lattice calculation |5|: 

fo = 208 ± 4MeV (Lattice), (5) 

it seems to tell us that the lattice improvement may not be large enough to singly compensate 
the quantity that is more than 3 standard deviations in Jd^. 

Inspired by the above interesting measurements, the authors in Ref. 8| propose that new 
interactions associated with leptoquarks (LQs) might resolve the anomaly of fc^. However, 
the assumption adopted by Ref. [Sj that the LQs only couple to the second-generation 
quarks seems to be oversimplified. It has been known that up-type and down-type quark 
mass matrices can not be diagonalized simultaneously. Therefore, if the LQ couples to up- 
and down- type quarks at the same time, after the spontaneous symmetry breaking (SSB), 
the flavor mixing matrices to diagonalize the quark mass matrices will be introduced so that 
intergenerational couplings in quarks become inevitably |9|. To generalize the approach of 
Ref. [8|], in this paper, besides we discuss how flavor mixing effects influence the decays 
P ^ i~^u and how the number of free parameters can be diminished, we also investigate 
the implications of LQ interactions on the processes with flavor changing neutral current 
(FCNC) and lepton flavor violation (LFV). We note that the effects of the charged Higgs 
with a large tan /3 in the ordinary two-Higgs-doublet models are destructive contributions to 



the SM k 



10|, more complicated multi-Higgs doublets are needed to get the enhancement 



In addition, other mode^ 



s such as R-parity violation in supersymmetric models might 
also provide the solution [ll|. However, due to the parameters in different quark flavors 
having no correlation, the models have a less predictive power. 

In order to examine the effects of a light LQ in a systematic way, the LQ model is built 
based on the gauge symmetries SU{3)c x SU{2)l x f/(l)y. To simply display the role of 
the LQ on the low energy leptonic decays, FCNC and LFV, the LQ in this paper is limited 
to the SU{2)l singlet 5*1 with the charge of -1/3. To avoid the proton decays, the LQ does 
not couple to diquarks. Indicated by the inconsistent results in the Dg leptonic decays, we 
consider that before the SSB, the LQ only couples to the second-generation quarks and the 
interactions in the weak eigenstates are given as p, [l2] 

ClQ = {EgLtT2PRQ'2 + hRPLc') S, + H.c. , 

= {igLPRc' - miPRs') Si + igRPLc'Si + H.c. , (6) 



where gL{R) denotes a 3-component effective coupling and is represented by g^ = 
{9ae,9a>.,9ar) with a = L and R, Ql = (c,s), r = C7°/* = Cf {C = ^7^7°) de- 
scribes the anti-fermionic state, T2 is the 2nd Pauh matrix, E^ = (i/^, i) with i = e, fi, r, 
and Pl(r) = (1 T 75)/2- Since the ffavor mixing effects are governed by the Yulcawa sector, 
we write the sector as 

Cy = -QlYuUrH - QlYdDrH - LYlIrH + H.c. (7) 

where H is the SM Higgs doublet and H = ir2H* . Implicitly, the ffavor indices are sup- 
pressed. In addition, it is Icnown that the ffavor changing effects in the SM only appear in 
processes related to the charged weak; currents, while the weak; interactions in weak eigen- 
states are expressed by 

Cw = --^ [Ul^.Dl + NlI^^El) W^^ + H.c. (8) 

with g being the gauge coupling of SU{2)l. After introducing the relevant pieces, in the 
following we discuss after the SSB how the ffavor mixing effects are brought into the effective 
interactions and how they can be controlled through the notable patterns of mass matrices. 

n 

It has been known that Eq. ([71) has S'[/(3)q x SU{'i)D x SU{'i)u [16|] ffavor symmetries. As 
the new LQ interactions break the ffavor symmetries, we have to be more careful to choose 
the convention. The one used in the SM is not suitable anymore for the new interacting 
terms. After the SSB, the masses of fermions are obtained by diagonalizing the Yukawa 
matrices denoted by Yf with f = U, D, E, N. Although we do not display the mass matrix 
for neutrinos, due to the observations of the neutrino oscillation, we consider that neutrinos 
are massive particles. We will show that the induced effects such as the Maki-Nakagawa- 
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Sakata (MNS) matrix [i3| do not explicitly emerge after summing up the three neutrino 
species. To diagonalize the mass matrices of fermions, we introduce the unitary matrices 
through 

Fa = Vff: , (9) 

where p{w) represents the physical (weak) state and a denotes the left or right-handness. 
Straightforwardly, Eq. ([8]) becomes 

Cw = --^ {uLVcKMlf^dL + i^lVmns1/l) W^+^ + H.c. (10) 



Here, Vckm = yij^u and Vmns = ^n^e stand for the Cabibbo-Kobayashi-Maskawa 
(CKM) IJ] and MNS matrices, respectively. Clearly, besides the CKM matrix, if we regard 
the neutrinos as massive particles, we bring in a new mixing matrix for leptons. However, 
does Vmns have any effects on the low energy leptonic decays? The answer to the question in 
the SM is obvious. Since the neutrinos in hadronic decays are regarded as missing particles 
and are not detected, when one calculates the decay rate for the process, it is needed to sum 
up all neutrino species and the squared amplitude is associated with ^y{yMNs)vi{yMNs)t-y- 
With the unitarity property, the result becomes 'YIiv^mn s) ^v^Ymn s)vi = 1 so that the effects 
of Vmns do not show up explicitly. In sum, Vmns in Eq- ( jTOl) could be rotated away by 
redefining the neutrino fields, i.e. the neutrinos produced via weak interactions are not 
the mass states propagating in the vacuum. Will the nonrotated Vmns appear in the LQ 
interactions? To answer the question, we need to do more analysis on the LQ sector. 

With the introduced unitary matrices, Eq. ([6]) in terms of physical states is transformed 
as 

^LQ = hgLVu2 ulSi - iyVMNSgLVD2 dl^l 

+ iR~gRV^2^'RS, + H.C. (11) 

where V^2y ^m ^^^ ga are 3-component columns, represented by Vff2 = (^{7i2) ^U22y ^c/32)) 
^m = (^Di2' '^D22' ^032) with V^ = K^i^M^c/ and g~a = V[^ g^, respectively Clearly, we 
see that Vmns appears in Eq. ( ITTll . Nevertheless, like the SM, the explicit form of Vmns can 
be rotated away by transforming the physical neutrino states to flavor states. Meanwhile, 
unlike the case in the SM where vi in a process is always associated with the corresponding 
charged lepton £, in the LQ model, for each charged lepton inevitably we have to consider 
all possible neutrino flavors. 

Using Eqs. (fTOl) and (fTTl) with removing Vmnsi the effective Hamiltonian for P ^ i'^u 



related decays are found to be 



AGf 



+ ^ — 2 di^f^PLUkJ^jl PLf^i 

iCdv)ji{Cul)ke T p - p p 

— — 5 (J'i't^RUki^ji^Rie 

+ ^^%^^^d.a,,UkV,a^^Pdi + H.c. (12) 

where we have used V as Vckau the indices z, j, k and d. denote the possible flavors, 

C^i = VmA , C^i = V^;~gl Ci = VK~9l (13) 

are 3x3 matrices, and a^^ = 2[7^,7,^]/2. Although tensor-type interactions could be gen- 
erated in Eq. flT2l) . since they cannot contribute to two-body leptonic decays, hereafter we 
will not discuss them further. Therefore, there are two main types of four-fermion operators 
in Eq. ( fT2l) . one is (V — A) x [V ~ A), which is the same as the SM, and the other is 
[S ±P) X [S ±P). For P -^ i^u decays, we will see that the former will lead to the helicity 
suppression, whereas the latter does not. On the contrary, for D -^ Kl^v decays where 
the lattice calculations have been consistent with the experimental data, the latter has the 
helicity suppression whereas the former does not. Consequently, D -^ KC^v will directly 
give strict constraints on the parameters g^^. Since the new physics effects are considered 
perturbatively, if we only keep the leading effects and neglect the higher order in Qa, the 
partial decay rate for P — ^ £"''z/ is found to be 



T{p^tu) = r^^^(i + xf^ + y,^^) 
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with m% = m^j/imu + m^) and 



VuD{cS)iu{Ci)Dt (14) 



^"^ = # l^^z^lVM-p f 1 - 4 ) > (15) 



where the decay constant fp is deflned by 

(0|57M75f/|P(p)) = ifpp^.. 



{0\D^,U\Pip)) = -zfp "f . (16) 
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Since CP problem is not concerned in this paper, for a further simphfication of our numerical 

rf^ and r/ 



analysis, the weak phases will be tuned to zero. Then, X^^ and Y^^^ can be shortened as 
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(17) 
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Clearly, Xf^ and Y^^ are associated with |^«P and gligm, respectively. We note that the 
capital symbol of U{D) denotes the up (down)-type quark in a specific decay. For instance, 
X^'^ and X^'^ are for Dg and vr decays, respectively. 

Before doing the numerical analysis, we need to know how many free parameters are 
involved in the model and how to reduce the number of parameters. From Eq. (Q, it is 
obvious that six free parameters from ql and gn are introduced in the original LQ model. 
These parameters are associated with the flavors of the charged leptons. After the SSB, due 
to the misalignment between mass and interaction states, we have to bring the new unitary 
matrices V? to diagonalize the Yukawa matrices. Except that Vckm = ^u^d i^ known by 
fitting the data, the elements in the unitary matrices are usually regarded as free parameters. 
In general, there is no any relationship among the flavor mixing matrices. Nevertheless, by 
utilizing the experimental data, we can obtain some clues to sense the information on mixing 
matrices. It is known that the determination of the flavor mixing matrices V? is governed 
by the detailed patterns of the mass matrices. According to Vckm being approximately a 
unity matrix, people have found that the quark mass matrices are very likely aligned and 



have the relationship of Jvi^ = M.u + A(A^) with M.u{d) = Mu(^j:,^/mt(h) |l7 
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other words, the structure of V{f should be similar to Vn- Furthermore, it has been shown 
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that a simple pattern of the mass matrix, proposed by Ref. 20|] with 



/ 



Mf 



P 



f 



PJMfPf with Mf 
{e'^f\ e''^i\ e^^/3). 



A/ 

Af Df Bf 

Bj C 



\ 



n 



(18) 



could lead to reasonable structures for the mixing angles and CP violating phase in the 
CKM matrix just in terms of the quark masses. Using the current accuracy of data, the 
mass patterns of Eq. (ITSl) have been reanalyzed and applied to lepton masses by the authors 



in Ref. [15|]. It is found that the elements of Vckm can satisfy with current accuracy of data 
and the component of (VA./Ar5)i3 can be consistent with present experimental constraint as 
well. Although the phenomenological patterns may not be the general form, due to the 
support of experiments, the resultant flavor mixing matrices could be taken as a clue to the 
true mass matrices. 

Inspired by the fascinating mass matrices and their results, we speculate that to avoid the 
restricted patterns shown in Eq. flTSj) . the mass matrices could be extended to those which 
not only own the main character of Eq. (TTSl) but also provide the relationship between Vp and 
VP. Accordingly, we find that the criterion to get a more general property of Eq. ( TT8|) could 
be established if the mass matrices are hermitian. It is worth mentioning that the hermitian 
mass matrices could be naturally realized in gauge models such as left-right symmetric 



models 2l|. Furthermore, the hermiticity is helpful to solve the CP problem in models 



with supersymmetry (SUSY) (22j, which has an important implication on CP violation in 
Hyperon decays 23|. With the hermiticity, we obtain the results Vl" = VP = Vf. Via 
Vu = VVd from the definition of the CKM matrix, intriguingly the number of independent 
flavor mixing matrices in the quark sector could be reduced to one and the unknown flavor 
mixing matrix is chosen to be Vr, for our following analysis. 

After setting up the model and the associated parameters, subsequently we study the 
constraints on the free parameters and their relative implications. Firstly, we discuss the 
limits oi D ^ Ki~^u. As mentioned early, the effects of qr for D -^ Ki^u are helicity 
suppressed. Here we only display the constraints on ql. By the effective Hamiltonian of 
Eq. (IT2l) . the transition matrix element for D -^ Ki^u can be written as 



M{D^ Ktu)sM^LQ = -^K: E ^• 






X {K\3',„c\D)Pj't''(l-is)l,, (19) 

where the sum is to include all neutrino species and the D ^ K form factors can be 
parametrized by 

{K\s^,c\D) = U{q') (^P, - ^q,) + fo{q')^q, • (20) 

If the effects of the 2nd order in ql are neglected, a simple expression for D -^ Kl^v is 
given by 

B{D -^ Ke+iy)E.p = (1 + Xf ) B{D -^ KIu)sm • (21) 



With Vu = VVo, the effective couphng (C^^ )e.c{C^^)si could be expressed as 
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{^ul )tc{Cd^)st — (VcdVou + VcsVd22 + VcbVD32) ^J922|^Il£ 



(22) 



Since the off-diagonal elements of Vd represent the flavor symmetry breaking effects, accord- 
ing to Eq. (lisp , the diagonal elements of Vn are roughly order of unity while the off-diagonal 
elements are order of ^Jrnijrnj with j > 
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241 ] ■ As a result, X^^ could be written as 
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where Gp/V^ = o^ iSm^Y has been used. From the data 251] and the recent unquenched 
lattice calculation 27|, given by 



r(D° -^ K~tu)Exp = (8.17 ± 0.48) X 10" V^ (PDG) , 

T{D° -^ K-tu)Latt = (9.2 ± 0.7 ± 1.8 ± 0.2) x 10" V^ (Lattice) , (24) 

obviously the theoretical calculation is consistent with the experimental value, i.e. we can 
set gLi cLS small as possible. In order to sense the order of magnitude of the parameters, we 
require that new physics effects are only less than lapxp, i-e. 

^Exp ~ ^Latt 



^Latt 

Using g ^ 0.67 and mw ~ 80 GeV, we get 

2 



xr < 



70. 



(25) 



9Li' 

rriLQ 



< 2.8 X 10"^ GeV" 



(26) 



with i' = e, fi. 

Now, we study the LQ effects on Ds — ^ i'^i' decays where the disagreement between 
theory and experiment shows up. In terms of the previous analysis, although the LQ only 
couples to the second-generation quarks, through the flavor mixing matrices, the LQ could 
also couple to the quarks of the first and third generations. Therefore, besides Dg -^ i'^u 
decays, we can also study the processes Dd —^l^v and Bu -^ t'^u, in which the involving 
parameters are correlated each other. Taking V^^ ^ 1, Vcd = —A ~ 0.22, Vd22 ~ 1 and 
neglecting the subleading terms, from Eq. (IT7j) the effects of LQ to Ds -^ i^u, Dd -^ d-'^i' 



and Bu -^ t^v can be simplified to be 

mlg g' tuIq me g' 



.0 

yea ^^ • uvA "v^cs "v^ca ,^ ' i^iz Jd \^c^ 



T/* T/* m'^ 



Xf ^ {yni2 + A) ^X- , Yf ^ {Vr,^^ + A) ^^F- , (27) 

respectively. Clearly, the parameters contributing to D^ —* t^v will also affect the decays 
D^ -^ d'^v and Bu — > r"*"z/. Moreover, since the decay rate for P — i> £"^z/ is directly related 
to the decay constant of the P-meson, to display the new physics effects, we express the 
connection of the observed decay constant with the lattice calculation to be 

UD I vUD 



jE.p ^ j^Latt ^l+Xf^ + y^l/15 ~ fLatt L ^ ^i +yi ^ (38) 

To explain the anomalous results occurred in Dg -^ (/i^, r^)^ shown in Eqs. ([2]) and (l3l), 
the new physics at least should enhance fu^ by 10%, that is, X^^,^ + Y'^f. should be around 
20%. Due to X^* < 8%, we see that the dominant contributions are from Yf^. For simplicity, 
we will ignore the effects of X^"^ and adopt Yf"^ ^ 0.2. 

For Yp'^, now we have the ambiguity in sign of Vdi2, denoted by Sign[Vm2]- To understand 
the sign, we can refer to the result of Eq. (ITSl) in which Sign[VDi2] < [15|. With Y^'^ = 0.2, 
we get Y^';'^ = 0.18|Vdi2|/A. Since the results of the data and the lattice result on fo are 
consistent each other, to fit the data within la, one can find that the value of |Vdi2| should 
be less than 0.57A where if /^J^" = 204 MeV is used, which leads to fn ~ 214.7 MeV. As for 
Y^'', Sign[VD32] is also ambiguous. Again, the sign could be chosen to be the same as that 
provided by Eq. (TT5]) in which Sign[Vn.'}2] > 0. Comparing with f^^ and fo, although the 
error of Jb^ calculated by the lattice 28| is somewhat larger, due to the large enhancements 
of l/|Kib| ~ 1/A^ and m^/m^j^ , Bu — »■ r"*"// can still give a strict limit on Vd32- Using 
the averaged value of V^b = 3.9 x 10~^ [4| and /^ = 216 MeV, the SM prediction on the 
branching ratio (BR) is B{Bu -^ r^v) = 1.25 x 10""^. Taking the data with Icr error and 
B{Bu -^ T^u) = 1.85 X 10^"^ as the upper bound, we obtain Vd32 < 0.043. By combining 
the above analysis, the instant predictions are the BRs for Be — ^ i'^i' decays. Similar to 
Eq. (P7|) . the LQ contributions to Be decays could be written as 
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Adopting Vu22 ~ 1, Vd32 ~ 0.043, V^b ~ 0.042 and Y[' ^ 0.2, we immediately find F/* ^ 
0.49. In other words, we predict that the calculation of the lattice on j'b^ could have ~ 23% 
below the observation of the experiment. According to above analysis, we see clearly that 
even in the restricted case, where the fermion mass matrices are hermitian, the explanation 
of the Dg puzzle in terms of the LQ remains viable despite constraints from other fiavor 
processes. 

With the constraints on the parameters of the LQ model, in the following we study the 
implications of the LQ effects on the decays associated with FCNC and LFV. Firstly, we 
discuss the D -^ /i "•"//" decay. It is known that due to the stronger Glashow-Iliopoulos- 



Maiani (GIM) mechanism 29|], the short- distance contributions to D -^ fi~^fi are highly 



suppressed in the SM 30| and long-distance effects are small 31 



The decay oi D ^ fi~^fi 



is definitely a good candidate to probe the new physics effects |32|. According to Eq. flTTl) . 
we know that the dominant effective Hamiltonian for c -^ ufi~^fi~ is from the left-right 
interference terms and can be written as 



H(c — ^ ujji^ n~ 



'^^Iq 



{C'ui),,{C^i)luP,cmi^ 



+ K;)^^{c'X^uPBmPBP 



H.c. 



(30) 



By combining Eqs. ( fT3l) . ( fT6l) . ( !27l) and Vu = VVd, the BR for D -^ fi^fi can be simplified 
to be 

2 
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X 



\Y^^'\^\Vni2 + \?- 



(31) 



Using Y^^^ K. 0.2 and Vc)i2 ~ — 0.57A, the values of BR with various values of f]^^^ are 
presented in Table [H Interestingly, the LQ predictions satisfy and are close to the current 
experimental upper bound, given by B{D -^ /i"^/i~)|£xp < 5.3 x 10"^ [26|. 



TABLE I: Upper limits of the LQ on BjD — > yu"*"// ) with various values of /jf"^^- The upper 
bound of the current data is 5.3 x 10~^ 26 1. 



/]5^"(MeV) 
BR 



204 
4.9 X 10"'^ 



206 
5.0 X lO^'^ 



208 



210 
5.2 X lO"'^ 



212 
5.3 X 10"^ 



5.1 X lO"'^ 
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The LQ interactions in Eq. (ITT!) could also contribute to the lepton flavor violating 
processes. Since the constraints on the cjRe are more uncertain, we only pay attention to the 
decays r -^ fJ'iPi V), in which the relevant effective Hamiltonian is 

nr^,uU = -T^V (Cul)^^ {C^^y UrPRUfi^.PRT + H.C. (32) 

For the light mesons, u represents the up-quark. By Eq. (fT3l) . the BRs for r -^ f^{P, V) are 
given by 









2i07r V mlJ \ m\) m^Q m^Q 

respectively. To calculate the modes associated with 77 and 77' mesons, we employ the quark- 
flavor scheme in which 77 and rj physical states could be described by 33|, IS^I 





cos(p — smv , . .,„ , , . 

(34) 

sm (p cos ( 

with (\) being the mixing angle, 77^ = {uu + dd)/y2 and t/s = ss. Accordingly, the decay 
constant of 7/^'^ associated with u'y^'y^u current is given by /^{/) = cos0(sin0)/;yg. For 
numerical calculations, we have to know the direct bound on the free parameter gRr/fniQ- 
From Y[^ of Eq. (1271) and the result of Eq. (l26ll . the information can be obtained immediately 
as 

res ^ 1 Q XX 1 n2 \iRl 



y/" < 1.3 X 10' 

VflLQm^ 

With y/"* ;^ 0.2, the direct bound on gRi/rriiQ is found to be 



^^ < 1.6 X 10~^m£. (35) 



By taking ^ 39°, ^ ^ 140 MeV [3|, ^ = 130 MeV, /p(^) = 216(187) MeV, ^012 ^ 
— 0.57A and the above resultant upper limits, the values of BRs for r — > /i(7r°, 7/, 7/', p°, oj) 
decays are displayed in Table HIl We see that interestingly the contributions of the LQ 
to lepton flavor violating processes are below the current experimental upper bounds. In 
addition, the predictions on the decays r -^ fi{ri, p, u) are very close to the current upper 
bounds. 
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TABLE II: Upper limits of BRs from the current data 25|, |35| and the LQ. 



Mode T — > flTT^ T ^ flT] T ^ firj' T — > IJ.p^ T —>■ flLO 

Cm-rent hmit 1.1 x lO"'^ 6.5 x 10"*^ 1.3 x lO"'^ 2.0 x 10"'^ 8.9 x lO^^ 

This work 2.6 x 10"^ 1.5 x 10^*^ 0.6 x lO"*^ 7.4 x 10~® 4.8 x 10~* 

In summary, to understand the inconsistency between the experimental data and lattice 
calculations in j'd^, we have extended the SM to include the LQ interactions which involve 
only the second-generation quarks above the electroweak scale. After the SSB, the flavor 
mixing matrices introduced to diagonalize the mass matrices of quarks can make the LQ 
couple to the first and third generations. We have derived that if the mass matrices of 
fermions are hermitian in which the obtained CKM and MNS matrices can be consistent 
with data, besides having VP = Vf" = Vy, the independent flavor mixing matrices are 
further reduced to one, say Vd- Accordingly, it is found that the effects of the LQ on the 
decays Dgd -^ i'^u, B^ -^ r^v and B^. -^ i~^u are correlated together. With the obtained 
constraints, we predict f^^^ ~ 1.23/^^**. Moreover, the upper limits of BRs for D — ^ fj,^ iJi~ 
and r — * /i(vr°, 77, 77', p, c^;) are found to be around 5.1 x 10"^ and (2.6, 1.5, 0.6, 7.4, 4.8) x 
10"^, respectively. Interestingly, all predicted values are below and close to the current 
experimental upper bounds. 
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